Aim-Some surgeons consider hand held surgical keratometers unreliable. This may be due to incorrect use through not realising that the distance that the keratometer is held from the cornea influences the shape of the image. When a keratometer is held closer to the astigmatic cornea, the elliptical image will appear more circular, particularly for larger degrees of astigmatism. However, the keratoscopic astigmatic ruler (KAR) has design features that correct the hitherto unrecognised problems with the use of a hand held keratometer. This study assesses the reliability and accuracy of measurement of astigmatism using the KAR. (Br J Ophthalmol 1998;82:35-38) Determining the magnitude of corneal astigmatism with hand held keratoscopes is considered unreliable by some surgeons. 1 DiYculties in attaining a corneal image with devices that only use the reflection of the microscope's light may produce artefacts owing to the need to tilt the device to attain a good image. As most devices are unable to quantify the magnitude of astigmatism, an assessment of astigmatism depends upon determining how elliptical the image appears. We have shown that the elliptical astigmatic image becomes more circular as the device is held closer to the eye and that this change in the shape of the image can lead to the underestimation of astigmatism, particularly with higher magnitudes of astigmatism.
Determining the magnitude of corneal astigmatism with hand held keratoscopes is considered unreliable by some surgeons. 1 DiYculties in attaining a corneal image with devices that only use the reflection of the microscope's light may produce artefacts owing to the need to tilt the device to attain a good image. As most devices are unable to quantify the magnitude of astigmatism, an assessment of astigmatism depends upon determining how elliptical the image appears. We have shown that the elliptical astigmatic image becomes more circular as the device is held closer to the eye and that this change in the shape of the image can lead to the underestimation of astigmatism, particularly with higher magnitudes of astigmatism. 2 3 The design of keratoscopic astigmatic ruler (KAR) (Fig 1) addresses these problems by producing a bright easily determined image, having a simple method of alignment which sets the distance at which it is held (a "sight"), and allowing the magnitude of astigmatism to be assessed easily. 3 This report demonstrates that the assessment of astigmatism by the KAR is reliable and accurate, comparing favourably with the Bausch & Lomb keratometer (B&L) a conventional clinical keratometer.
Methods
We fabricated a "model cornea" using a series of poly(methylmethacrylate) toric backcut contact lens blanks (buttons). Six buttons were mounted on a backing plate representing a series of increasing astigmatism in roughly 1 dioptre (D) steps.
Two observers made measurements of the buttons using the KAR and the B&L keratometer. Observer 1 had no previous experience with the KAR whereas observer 2 was an Because the concave surface gives a different sized elliptical image than a convex reflecting surface, we had to hold the KAR further from the elliptical surface than the calibrated distance for clinical use. To ensure the distance was held correctly (because there was no limbus to observe through the sight of the KAR), we placed a stop at the required distance, ensuring that the KAR was not held too close to the button during measurement.
The buttons were placed under the operating microscope in a predetermined randomised order in such a way that the observer was masked to the magnitude and axis of astigmatism. Each button was measured by each of the two observers eight times. The astigmatism was assessed in the same manner on each occasion as described by the instructions packaged with the KAR. First the axis of astigmatism was determined and the handle of the instrument aligned correctly using the circular lens. Then the magnitude of astigmatism was determined once a circular image was produced by one of the elliptical lenses. 3 The buttons were then measured using a previously calibrated B&L keratometer 4 after setting the eye piece to match the refraction of the observer and using the recommended technique for the B&L keratometer. Each button was measured in a predetermined randomised masked fashion four times by both observers. The horizontal measurement was subtracted from the vertical measurement to give the magnitude of astigmatism.
To assess the accuracy of the "sight" of the KAR, we measured the distance at which it was held in front of five patients' eyes. One observer would align the KAR while the other would measure the distance from the corneal apex to the KAR. Each patient had the ruler placed in front of the eye five times by each observer and a separate measurement was taken without feedback to the user of the KAR.
The measurements were analysed as means and standard deviations. The standard error of measurement (SEM), intraclass coeYcient of reliability, coeYcient of variance, and interobserver reliability coeYcients were calculated by analysis of variance as described by Fliess. 5 The coeYcient of repeatability was determined as 2 × SEM. 6 Bland-Altman plots were used to assess visually the limits of agreement of measurement between the two keratometers.
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Results
The mean distance that the KAR was held from each patient's eye by each observer is shown in Table 1 . The mean distance the KAR was held from the eye from all measurements was 20.19 mm (95% confidence interval (CI) 20.03 to 20.33). There was no diVerence between the novice and experienced user (p = 0.499, ANOVA).
The mean measurement and standard deviation for each button by each observer is shown in Table 2 . There was no significant diVerence between the observers using the KAR (p = 1.0, ANOVA) or the B&L (p = 0.953, ANOVA). However, there was a slight systematic error in the measurements using the B&L, observer 1 under-reading the astigmatism by a mean of 0.41 D.
The means of the combined readings are shown graphically in Figures 2 and 3 . The reliability calculations show that the keratometers compare favourably (Tables 2 and 3 Figures 4, 5 , and 6. The interobserver reliability (using a random effects model to generalise to the total population of observers) for the KAR was 0.898 (95% CI > 0.78), and for the B&L, 0.975 (95% CI > 0.66).
Discussion
The B&L keratometer is widely used in clinical practice providing two corneal radii of curvature 90°apart in dioptres and has a scale increment of 0.125 D. The KAR is useful for semiquantitative assessment of the relative corneal astigmatism at the slit-lamp or through the operating microscope at the time of surgery. Although it has a larger scale increment of 1 D, it was shown by our measurements to have good reliability and reproducibility, as well as being accurate within the increment of its scale. It compares favourably with the B&L keratometer for the assessment of astigmatism.
We found no significant diVerence between the measurements taken by the experienced user compared with those taken by the novice. This suggests that once the method of use is understood, any user can reasonably expect to make reliable measurements. There may have been some diYculties in determining the astigmatism for the 1 and 2 D buttons possibly because of some irregularity in the buttons' astigmatic cut. The diVerences in the KAR and B&L measurements for the 1 and 2 D buttons (Fig 3) may also be because the KAR only has a 1 D increment, tending to "round up" the measurement.
Surgical keratometers are useful for the assessment of corneal astigmatism induced at the time of surgery. 8 9 Knowledge of the magnitude of astigmatism provides the surgeon with instant feedback about the eVect of surgical manoeuvres. Large astigmatic errors following cataract surgery were shown to be reduced by the use of a surgical keratometer. 9 10 A recent controlled trial demonstrated the value of intraoperative keratometry in the reduction of postcorneal graft astigmatism. 1 Unlike microscope mounted keratometers, the KAR is portable, inexpensive, and easy to use. 3 The KAR can also be used at the slit lamp during suture adjustment procedures, 11 allowing rapid quantification of the changes induced, without requiring the patient to shift from slit lamp to keratometer. The cornea often produces distorted mires on keratometry in the early postoperative period which precludes measurement of corneal curvature; however, we find the KAR is often a useful alternative in these circumstances.
In conclusion, we found the KAR a simple and useful adjunct to our clinical practice that requires little experience to take reliable and accurate measurements of corneal astigmatism.
